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Soil erosion is a serious global eco-threat to the sustainability of agricultural
and ecological systems. In Syria, the issue of soil erosion represents a spatial
challenge, especially during the last years of the war. The overall objective of
this research is to assess the potential spatial distribution of the annual soil
erosion rate in the Khawabi river basin in western Syria. The study relyed on
the integration of multi-source data and the revised universal soil loss equation
(RUSLE) in a geographic information system (GIS) environment. Soil erosion
modeling inputs included the criteria of rainfall erosivity (R), soil erodibility
(K), hill slope length and steepness (LS), and the vegetation factor (C). the
annual rate of potential soil loss reached 35.86 ton ha-1 year-1 with a spatial
average of 16.55 ton ha-1 year-1. The percentage of lands with high and very
high erosion exposure was more than 29 % of the total area. Moreover, most of
the lands of the study area exceeded the critical tolerance limits of erosion for
the western Mediterranean regions (2 - 12-ton ha-1 year-1). The spatial
outcomes of this study provided objective evidence that could support local
environmental planners in the conservation and maintenance of soils in the
studied basin .

1. Introduction
Soils are one of the most important components of the ecosystem that ensure global environmental, economic, and
social sustainability [1]. In this context, the need for soil has increased in light of the rapid population growth and the
expansion of related complex economic activities [2][3]. Soil loss is among the geomorphological risks that threaten
agricultural and environmental systems [4-6]. Soil erosion causes damage to the surface soil structure, loss of organic
matter and nutrients, and consequently, negatively impacts agricultural production [4].
In recent decades, the climate change and expansion of economic activities, primarily agricultural, industrial, and
social, have added enormous pressures on the global land systems, thus effectively contributing to increasing the
manifestations of land degradation, especially water erosion [7][8]. As relevant research indicates, the Mediterranean
land systems are highly vulnerable to soil erosion events, especially in mountainous and hilly areas [9][10].

Recently, soil erosion has become one of the most prominent environmental problems that seriously threaten
agricultural systems in the western region of Syria [8-10]. Soil erosion events in western Syria result from the spatial
integration between the physical geographical factors, i.e. topography, precipitation, vegetation cover, and soil
properties [11-13]. Moreover, human activities accelerate soil erosion, especially poor maintenance measures,
agricultural intensification, population growth, urban expansion, and military actions [8][14-16].
Evaluating the spatial variability of water erosion risk in western Syria is crucial in planning urgent management
strategies. Experimental mathematical models based on spatial techniques (GIS and RS), field measurements, and
empirical mathematical models provide an effective tool with constructive outputs that enable the measurement of
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this problem [17-19]. Therefore, these empirical mathematical models have been widely used in the Mediterranean
soil literature with promising results, especially the Coordination of Information on the Environment (CORINE)
approach [11], Water Erosion Prediction Project (WEPP) model [20], and The Revised Universal Soil Loss Equation
(RUSLE) method [10][12][14][19][21][22]. Based on the issue investigated above, the final objective of this research
is the spatial integration of climate, soil properties, slope, and vegetation cover data to monitor the spatial distribution
of potential soil erosion risk in western Syria (Al-Khawabi River Basin) using the RUSLE model by relying on field and
RS data in a GIS environment.

2. Material and Methods
2.1. Study area

The Khawabi river basin is located in the western part of Syria, with an area of up to 25 km2 (Fig. 1). Geographically,
the basin is bounded in the north by the Marqiya river basin, east and south by the Ismailia river basin, and west by
the lower basin of the Al-Hussein river. The basin can be divided into two geomorphological sectors; the first
constitutes the plateau region (88-400 m), while the second sector consists of the mountainous region (400-573).
Climatically, the study basin is under the influence of the Mediterranean climate pattern, which is featured by hot and
dry summers and mild and rainy winters with two volatile transitional seasons with 5-7 rainy months [6][23]. The
annual average precipitation is 910 mm (Fig. 2 A), the average temperature in the summer is 23 °C, and in the winter
is 14 °C, with an annual relative humidity of 75% [24].

Figure 1. The study area (Khawabi river basin).

25

DYSONA – Applied Science 3 (2022) 24-32

Abdo

Figure 2. Spatial distribution of rainfall values (A), rainfall erosivity (R) factor (B), soil erodibility (K) factor (C), slope
(D), hill slope and steepness (LS) factor (E), normalized difference vegetation index (NDVI) (F), vegetation (C) factor (G),
and soil erosion values (H) in Khawabi river basin. Higher resolution spatial distributions can be found in
Supplementary material file.
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2.2. RUSLE geo-factors
The universal equation of soil loss (RUSLE) [24] is one of the most used experimental mathematical models in
investigating the annual rates of water erosion. RUSLE model is a global, hybrid, and flexible model that, in integration
with GIS, provides objective and reliable outputs related to the assessment of the spatial distribution of soil erosion
[25][26]. RUSLE model consists of five main spatial criteria given according to the following equation (Eq. 1):
A=R×K×LS×C×P

where

(1)

A: The average annual soil erosion (ton ha-1 year-1).

R: Rainfall erosivity.
K: Soil erodibility.

LS: Hill slope length and steepness.

C: The vegetation factor.

P: The support practice.

2.2.1. Rainfall erosivity factor (R)
Rainfall erosivity factor (R) evaluates the effect of the kinetic energy of the raindrops with the generated surface
runoff [14][27]. R factor is affected by the rainfall intensities, kinetic energy, and spatial comprehensiveness of
precipitation [28]. The values of R factor were calculated according to the equation (Eq. 2) using the monthly averages
of precipitation in four metrological stations during the period 1990 – 2017 (Fig. 1, Table 1),
Table 1. Rainfall stations in the study basin.
Station

Latitude

Longitude

Altitude (m)

Enazeh

34° 59′

36° 27′

397

Al-Oiniah
Al-kawabi

Al-shaikh bader

34° 57′

35° 19′

34° 58′

36° 48′

35° 23′

36° 34′

Average rainfall (mm)

1990 - 2017

914.6

210

1990 - 2017

371

1990 - 2017

581

1990 - 2017
𝑃𝑃𝑃𝑃

where

time span

(1.5𝑙𝑙𝑙𝑙𝑙𝑙10 � �−0.08188)
𝑃𝑃
𝑅𝑅 = ∑12
1 1.735 × 10

833.4

1087.8

1112.8

(2)

R: Rainfall erosivity factor (MJ mm ha_1 h_1 per year)
Pi: Monthly rainfall (mm).

P: The annual rainfall (mm).

Although the number of stations is insufficient, spatial interpolation tools in a GIS environment can provide reliable
performance for mapping the spatial distribution of precipitation and R factor values [14]. Moreover, the principle of
linear regression between the values of precipitation and R factors on the one hand, and the topographic elevation on
the other hand, enables the process of mapping distributions more accurately [29]. R factor map was delineated (Fig. 2
B) using the inverse distance weighted (IDW) method. R factor ranged between 422.3 and 567.3 MJ mm ha-1 h-1 year-1.
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2.2.2. Erodibility factor (K)
Soil erodibility factor (K) values reflect the resistance of soil particles to erosion by aqueous agents to their physical
and chemical properties [12][28]. In other words, K factor monitors the effect of R parameter in increasing the
sensitivity of soil structure to eroding and movement. In the current evaluation, the soil analysis results were obtained
from the Beit-Kamouna Agricultural Center - Tartous Governorate. The K factor map was delineated in the GIS
environment utilizing the following equation (Eq. 3) [24]:
Where

𝐾𝐾 =

2.1×10−4 (12−𝑂𝑂𝑂𝑂)×𝑀𝑀1.14 +3.25(𝑠𝑠−2)+2.5(𝑝𝑝−3)

(3)

100

OM: Organic matter (%).

s: Soil structure class.

p: Permeability class.

M: Aggregated variable derived from the granular soil texture:

M = (% Msilt) × (% Silt +% Sand)

Msilt is the modified silt which is the percentage of soil grain size between 0.002 and 0.1 mm. K Factor values
fluctuated between 0.021 to 0.034 ton.ha.MJ-1.mm-1 (Fig. 2 C).
2.2.3. Slope factor (LS)

Slope factor (LS) represents the influence of the topographical variable on the increase of water erosion [9][30]. The
relevant literature indicates that the slope variable is the most influential factor in increasing eroded soil amounts in
Mediterranean areas [6][31][32]. Slope (Fig. 2 D) enhances the runoff energy, especially in the Mediterranean
mountainous regions, characterized by high precipitation intensities [9][33]. At present assessment, the LS map was
derived from the digital elevation model using the following equation (Eq. 4):
where

𝐿𝐿𝐿𝐿 = (𝐹𝐹𝐹𝐹 ×

𝐶𝐶𝐶𝐶

𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 1.3
)
0.0896

)0.5 × (

22.13

(4)

FA: The grid layer of flow accumulation is expressed as the number of grid cells.
CS: is the length of a cell side.

LS values of the investigated area were in the range of 0 – 49.41 (Fig. 2 E).
2.2.4. Vegetation factor (C)
Vegetation factor (C) investigates the effect of the presence of terrestrial and agricultural plant biomass on soil
aggregation motility [14][34]. Vegetation cover is one of the most complex factors of soil erosion due to its significant
impact in reducing the kinetic energy of raindrops, delaying the generation of runoff, and increasing permeability
[11][35]. In the current study, the C factor map was derived using the Normalized difference vegetation index (NDVI)
index, which is given by the following equation (Eq. 5):
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NDVI = (NIR - RED) / (NIR + RED)

(5)

NIR: Near-infrared band (band 4, ranging from 0.76 to 0.90 µm),

RED: Red band (band 3, ranging from 0.63 to 0.69 µm). Landsat 8 OLI image captured in August 2021 was used to
calculate NDVI values ranging between -0.045 – 0.99 (Fig. 2 F). The values of C factor was calculated using the Eq. 6
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝑒𝑒𝑒𝑒𝑒𝑒 �−𝛼𝛼 (𝛽𝛽−𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁)�

(6)

As the curve shape of the NDVI is determined by the parameters α and β. Reasonable results are produced using
values of α = 2 and β = 1. C factor values ranged between – 0.18 - 1 (Fig. 2 G).
2.2.5. Conservation factor (P)

conservation practice factor (P) reflects the ratio of water erosion after a chosen backing procedure to the identical
soil erosion after up and down cultivation [19][21]. P parameter modifies soil erosion rate by changing the flowing
intensity, modifying the grade or direction of overland flow, and delaying the runoff generation [23]. P factor ranges
from 0 to 1, the value 0 proposes perfect support exercises, and the value 1 proposes reduced conservation support
exercises [24][36][37]. The field study implemented in the study area reveals the great poverty of maintenance and
conservation measures, and therefore, a value of 1 was given to the P factor in the whole studied area.

3. Results and Discussion

In the GIS environment (ArcGIS 10.2.3), the representative
raster of RUSLE factors (i.e. R, K, LS, and C) was entered and
subjected to the spatial modelling process in the Raster
Calculator tool through spatial multiplication process. The
spatial distribution of soil erosion susceptibility in the
Khawabi river basin per hectare per year at cell level was
visualized (Fig. 2 H). The results showed that the annual rate
of potential soil loss reached 35.86 ton ha-1 year-1 with a
spatial average of 16.55 ton ha-1 year-1. Moreover, the potential
spatial hazards were classified into four grades: low (46.57 %),
(7.41 %) (Table. 2).

Table 2. Degrees of soil erosion in study area.

Soil
erosion
classes
Low
Moderate
High
Very high

Rate of soil
erosion class in
ton ha−1 year−1
5 – 10
10 – 15
15 – 20
> 20

Area
(Km2)
11.67
6.07
5.46
1.86

Percentage
(%)
46.57
24.23
21.79
7.41

moderate (24.23 %), high (21.79 %), and very high

The high and very high values of potential erosion risk were distributed in the central and northwestern areas of the
study basin. These areas are characterized by steep slopes, which positively affect the acceleration of erosion. In
detail, the field studies carried out in the study area show that the slope factor is the most influential factor in the
acceleration of erosion, especially in areas with low vegetation coverage. In this regard, the degree of slope in some
locations is more than 45° (Fig. 2 D) and this causes a positive multiplier effect to increase the erosion rate.

Mediterranean studies indicate that the erosion tolerance threshold that ensures agricultural and economic
sustainability ranges from 2 to 12 ton ha-1 year-1 [38-40]. Based on these erosion critical limits, it appears that most of
the study area swiftly requires effective maintenance and soil conservation measures., especially that the traditionally
applied maintenance procedures on these slopes increase the amount of soil eroded annually. Moreover, the
population mainly depends on the cultivation of the slopes with many crops, especially olives, tobacco, and vegetables.
In light of the scarce data, low funding, and the consequences of the current war in the country on the environmental
and agricultural level, the present results make an objective contribution that will help local planners and decision
makers in maintaining sectors of high and very high sensitivity to soil erosion.
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4. Conclusion
Water erosion is a crucial threat with a high negative impact on agricultural sustainability in the western mountainous
regions of Syria. In this study, the RUSLE model was used in combination with ground measurements and remote
sensing data in a comprehensive spatial assessment of the soil’s sensitivity to erosion in the Khawabi river basin. The
annual rate of potential soil loss reached 35.86 ton ha-1 year-1 with a spatial average of 16.55 ton ha-1 year-1. The
percentage of areas with high and very high erosion sensitivity reached 29% of the study area. The current results
prove the constructive potentials of the integration between the RUSLE model and the geographic information
systems fed with the relevant terrestrial and spatial data in providing reliable and constructive spatial outputs that
allow the start of the application of soil conservation procedures.
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